Sustainable development is a long-term solution for urban development and a guideline for urban development. Only by better coordination around the population, resources, and environment can the city achieve sustained and steady development. In order to evaluate the efficiency of sustainable urban development under environmental constraints, this paper takes 13 prefecture-level cities in Jiangsu Province as an example. To address the infeasibility problem in the Malmquist-Luenberger (M-L) index, a modified M-L index analysis method based on the new directional distance function (DDF) is adopted. Combined with the consideration of desirable and undesirable outputs, a linear programming model for sustainable urban development evaluation is constructed to provide a scientific decision-making basis for sustainable development of the city. The results show that the growth of sustainable urban development efficiency is not only related to desirable outputs but also affected by undesirable outputs. Technical change is the main driver of most sustainable urban development efficiency growth. However, efficiency changes also affect the sustainable development potential of cities to a certain extent. Through the modified M-L index analysis, we analyze the characteristics of different regions of Jiangsu Province, the changes in efficiency and the impact of technological innovation on sustainable urban development, and give policy recommendations to promote sustainable urban development.
Introduction
Sustainable urban development refers to the long-term, stable and sustained economic growth and structural optimization of the city within a certain time and space, thus realizing urbanization and urban modernization. While meeting the needs of the current urban population for survival and development, we must also consider the needs of future urban population survival and development, maintain the corresponding potential reserves, and enable the city to maintain a balanced development [1] [2] [3] [4] . Sustainable urban development includes sustainable development of population, economy, resources, environment, and society. It depends not only on the supporting conditions such as resources and environment, but also on the quality of urban human resources, the speed of economic growth, and the advantages and disadvantages of economic benefits. Generally, economists believe that economic growth driven solely by resource inputs is extensive and unsustainable. However, if we can comprehensively consider indicators such as population, economy, resources, environment, and society, we can call it sustainable economic development [5] [6] [7] [8] [9] .
For a long time, when measuring the development of China's cities, more considerations are given about the efficiency of energy consumption and resource utilization, and the relationship between energy consumption and urbanization, and economic growth [10] [11] [12] [13] [14] . For example, Shen et al. [10] analyzed a model depicting the trend of Chinese urbanization, and explored relationships between urbanization and the supply and demand of major energy and mineral resources and between the gross domestic product (GDP) and the urbanization of China. Zhang et al. [11] examined the causal relationship between energy consumption and economic growth in the regional and sectoral aspects by adopting provincial panel data in China from 1995 to 2008. As the scale of the economy continues to expand, the city's demand for various resources and energy continues to rise. Improving the energy supply structure and improving energy efficiency are strategic choices for cities to achieve sustainable development. However, the sustainable development of cities also depends on the city's ability to create and agglomerate capital, the number of urban labor, the degree of openness, urban infrastructure and so on [15, 16] .
The research on the sustainable development of the urban economy is deepening and perfecting [17] [18] [19] [20] [21] [22] . The research objects, methods, and evaluation indicators are gradually transformed from individual cities, qualitative descriptions and single evaluation indicators into urban agglomerations, quantitative analysis, and comprehensive evaluation indicators [23] [24] [25] [26] [27] . For example, Yigitcanlar et al. [28] introduced a multiscalar urban sustainability approach by linking two sustainability assessment models to evaluate sustainability performances in micro-and mezzo-levels and generate multiscalar results for the macro-level. Shaker et al. [29] presented a quantitative and spatial assessment of 25 multi-metric indices across 36 European nations. Yang et al. [30] presented a comprehensive indicator system for regional sustainability assessment for co-evaluating the level of economic, social, and environmental subsystems. Yang et al. [31] put forward a linear dimensionless coordinate system of sustainable urban development to conduct a quantitative analysis in 287 cities in the eastern, central, and western regions in China. Tan et al. [32] proposed an integrated model of nonlinear principal component analysis and Gram Schmidt orthogonalization, and presented a novel regional sustainable development assessment method and framework from three perspectives for the society-economy-environment system of the Bohai Rim region.
Although there are many models and methods for assessing the sustainable development of the urban economy, the Malmquist-Luenberger index analysis method is also one of the important methods to measure the economic efficiency of the city. Most M-L index methods measure labor and capital investment as the input of the urban economy, and GDP as the output of the urban economy [33] [34] [35] [36] . For example, Zhang [33] proposed a method for the evaluation of total factor productivity (TFP) based on the super-efficiency Data Envelopment Analysis (DEA) model and the Malmquist-Luenberger index, to analysis of the low-carbon TFP index of the Wan Jiang region and the northern Anhui region in Anhui Province in central China. However, the rapid economic development has brought about a series of ecological problems. With many problems of resource consumption and environmental damage, scholars have paid more and more attention to this problem. For example, Kumar [37] examined conventional and environmentally sensitive total factor productivity (TFP) in 41 developed and developing countries over the period of 1971 to 1992. Choi et al. [38] used the metafrontier Malmquist-Luenberger (MML) index to measure the environmentally sensitive productivity and analyze its decompositions on China's regional productivity growth. Zhang et al. [39] proposed the metafrontier non-radial Malmquist CO 2 emission performance index (MNMCPI) for measuring dynamic changes in total-factor CO 2 emission performance over time.
The above literature still has the following shortcomings in the study of sustainable urban development efficiency: (1) The indicators for assessing the sustainable development of the urban economy are relatively simple, and should take into account indicators such as population, economy, resources, environment, and society; (2) Most of the undesirable outputs are limited to the emission of exhaust gas, ignoring the harm of other wastes to urban development; (3) In order to solve the infeasibility problem of the M-L index in calculating the directional distance of the cross-period, the modified M-L index method should be used for the calculation. Based on the existing research theories and methods of urban economic sustainable development, this paper takes 13 prefecture-level cities in Jiangsu Province as an example. The article uses the modified M-L index analysis method to study the regional economic comparison and its influencing factors on the sustainable development of urban economy around the coordinated development of urban population, resources, and environment, to provide a scientific decision-making basis for the long-term sustainable development of the city.
Materials and Methods

Data
The Jiangsu Province in China in our data consisted of 13 prefecture-level cities. The start year of 2009 and the end year of 2017 were chosen due to data integrity and availability. Taking Jiangsu Province as an example, this paper solves the M-L index and its decomposition of 13 prefecture-level cities in Jiangsu Province. We obtained data from these sources: the China Urban Statistical Yearbook (2010-2018) [40] , the statistical yearbooks of 13 prefecture-level cities (2010-2018) [41-52], the Yangtze River Delta City Yearbook (2010-2014) [53] , the Jiangsu Statistical Yearbook (2010, 2011, 2015, 2017, 2018) [54] and the Eco-Environment Bureau of Yangzhou, Taizhou, Lianyungang, Suqian and Huai'an [55-59] (The data mainly comes from the China Urban Statistical Yearbook and the 13 prefecture-level city statistical yearbooks. For the links of these yearbooks, see the references [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] ). Very little missing data was estimated via the linear interpolation method. This paper has selected China's Jiangsu Province as the research object of sustainable urban development efficiency growth and sustainable urban development governance policies. Jiangsu is located on the eastern coast of China, with the Yellow Sea in the east, Shanghai and Zhejiang in the southeast, Anhui in the west, and Shandong in the north. It is one of the most developed provinces in China and has 13 prefecture-level cities. The location of Jiangsu Province is shown in Figure 1 . The cities and their distribution in Jiangsu Province are shown in Figure 2 . The 13 prefecture-level cities were aggregated into "South, Middle, and North" zones by historical factors. Therefore, its economic development also has the characteristics of obvious regional agglomeration and geographical development. It has formed a pattern of agglomeration in the three regions of the South Jiangsu (Nanjing, Suzhou, Wuxi, Changzhou, Zhenjiang), the Middle Jiangsu (Yangzhou, Taizhou, Nantong) and the North Jiangsu (Xuzhou, Lianyungang, Suqian, Huai'an, Yancheng). 
Methods
(1) Improved Directional Distance Function and Linear Programming Model The Malmquist-Luenberger (M-L) index applies a directed distance function (DDF) to standard Malmquist production efficiency measurements to assess environmental productivity growth for undesirable output. However, when calculating the cross-period DDF, the M-L index has the same infeasibility problem as the Malmquist index does. In order to address this infeasibility problem, a modified M-L index analysis method based on the new DDF is selected to guarantee non-negative reference targets for all metrics. According to the directional distance function set by Du et al. [60] , this paper changes the direction vector in the directional distance function and solves the infeasibility 
(1) Improved Directional Distance Function and Linear Programming Model The Malmquist-Luenberger (M-L) index applies a directed distance function (DDF) to standard Malmquist production efficiency measurements to assess environmental productivity growth for undesirable output. However, when calculating the cross-period DDF, the M-L index has the same infeasibility problem as the Malmquist index does. In order to address this infeasibility problem, a modified M-L index analysis method based on the new DDF is selected to guarantee non-negative reference targets for all metrics. According to the directional distance function set by Du et al. [60] , this paper changes the direction vector in the directional distance function and solves the infeasibility problem of the M-L index.
Suppose there are n decision making units (DMUs), each of which uses i kinds of inputs x = (x 1 , x 2 , . . . , x i ) ∈ R + i to obtain j kinds of desirable outputs y = y 1 , y 2 , . . . , y j ∈ R j and m kinds of undesirable outputs b = (b 1 , b 2 , . . . , b m ) ∈ R + m , and the direction vector is assumed to be g(t2) = (−x t2 − x t1max , y t2 , −b t2 − b t1max ). Then the improved directional distance function at this time is:
where t1 = t, t2 = t + 1, t is time period; x t2 is the input element vector of the t2-th input; y t2 and b t2 are the t2-th desirable output vector and the undesirable output vector respectively; g(t2) is the direction vector, which refers to the direction in which the desirable output increases rather than the desirable output
ij , b t1max p = max j=1,...n b t1 pj ; β refers to the distance between the actual input and output and its projection on the production frontier function; the greater the β becomes, the lower the efficiency of the decision-making unit is desirable to be, the lower the efficiency of input and output, and the greater the potential for output expansion.
P t1 x t2 is defined as the set of production possibilities for the period t1, that is, the production frontier function, as shown in Equation (2) . According to the setting of Du et al. [60] , the undesirable output with weak disposition is included in the input-output efficiency evaluation, and the constraints on the undesirable output are appropriately relaxed.
Among them, λ t1 j , j = 1, . . . , n is the intensity variable related to the scale return. Through the above improved directional vector, combined with the DEA theory, the linear programming model for solving the direction distance function obtained by substituting Equation (2) into Equation (1) is [60] :
where t1 = t, t2 = t + 1. x t1 ij represents the input quantity of the i-th input element of the j-th decision-making unit in the t1-th period; y t1 rj represents the output quantity of the r-th desirable output item of the j-th decision-making unit in the t1-th period; b t1 pj represents the output quantity of the p-th undesirable output item of the j-th decision-making unit in the t1-th period.
(2) Modified Malmquist-Luenberger Index In this paper, the modified Malmquist-Luenberger index analysis method is used to study urban economic development efficiency. Based on the above model, the M-L index for the t or t + 1 period is defined as [60] :
To avoid the arbitrariness of the reference technique [60] , the M-L index can also be defined as the geometric mean of the two period indices, as shown below.
In 1994, Fare et al. decomposed the Malmquist productivity index into technical changes (TECH-ch) and technical efficiency changes (TE-ch) [61] . Similarly, the modified Malmquist-Luenberger index can also be decomposed into two components, characterizing efficiency change and technical change respectively. ML = EC × TC (8)
where D represents the global directional distance function; P is the global set of production possibilities, which includes both desirable and undesirable outputs. M-L, EC, and TC are the input-output efficiency, efficiency change, and technical change of the decision-making unit at a certain time. If the M-L, EC, and TC indexes are greater than one, respectively, it means that the input-output efficiency is improved, the efficiency is improved, and the technology is improved. On the contrary, if the three values are less than one, the input-output efficiency is reduced, the efficiency is lowered, and the technology is backward. By analyzing the M-L index and its decomposition items, it is possible to observe the changing trend of economic development efficiency and the changes of influencing factors, so as to provide appropriate suggestions for the sustainable development of each city's economy.
Analysis
China has achieved remarkable economic growth in the past decade. However, the economic boom comes at the expense of the environment to some extent. The constraints from the environment and resources pose a huge threat to a healthy and sustainable economic development in China. Therefore, this study focuses on environmental constraints when assessing the healthy and sustainable development of the urban economy. It should be considered from the perspective of creating a stable society, in terms of economic development, convenient living, universal education, scientific development, adequate resources, ecological balance, and beautiful environment. In addition, it should also combine immediate performance with desirable potential to determine the evaluation criteria for sustainable urban development. The sustainable development of cities should be analyzed around the needs of the people, emphasizing the quality of the population and cultivating the social environment and living environment. The evaluation of resources should emphasize its effective use and the material civilization that can be brought to the people. The evaluation of the environment is mainly to evaluate the people's good living environment, and thus it is a scientific and feasible evaluation.
Indicator Selection
In order to measure the sustainable development capability of the urban economy, we try to measure the five aspects including resource input, economic development, environmental carrying capacity, social development, and scientific and technological innovation. The amount of resources invested mainly reflects the demand for resources and energy in cities and is the cornerstone of sustainable development. Economic development mainly reflects the state of urban economic development and is the condition for sustainable urban development. Environmental carrying capacity mainly reflects the impact of resources, environmental endowments and economic development on environmental conditions, and is a strategic choice for sustainable urban development. Social development mainly reflects the level of comprehensive social development and is the guarantee for sustainable urban development. Scientific and technological innovation mainly reflects the development potential of the economy, intelligence, and environment, and is the potential for sustainable urban development.
For the assessment in this study, we use energy consumption, the science and education input, and labor as inputs. The undesirable outputs are industrial solids, sulfur dioxide (SO 2 ), industrial wastewater and industrial dust, and the desirable output is Gross Domestic Product (GDP). Energy consumption is used to measure the energy needs of the region, namely, the amount of resources invested. GDP is used to measure regional economic development capabilities. Industrial solids, sulfur dioxide (SO 2 ), industrial wastewater, and industrial dust are used to measure regional environmental sustainability. The labor force guarantees the future urban population and can be used to measure the sustainability of regional social development. Science and education input guarantees the quality of the future urban population and can be used to measure the sustainable innovation of regional science and technology.
In this study, energy consumption, labor, and GDP can be directly obtained from the China Urban Statistical Yearbook [40] , the Yangtze River Delta Statistical Yearbook [53] , the Jiangsu Statistical Yearbook [54], and the 13 prefecture-level cities (2010-2018) [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] . Additionally, the science and education input can be added by the investment in science and education in the yearbook. However, the energy consumption values of Nanjing (2009-2017), Yancheng (2009-2012) and Xuzhou (2013, 2017) cannot be obtained directly from the yearbook. Therefore, we use different types of energy consumption in the Nanjing Statistical Yearbook and the China Urban Statistical Yearbook to estimate the annual standard coal consumption based on the primary energy consumption method. Industrial solids, sulfur dioxide (SO 2 ), industrial wastewater and industrial dust can be directly obtained from the China Urban Statistical Yearbook, the 13 prefecture-level city statistical yearbooks, and the environmental annual reports of the city eco-environment bureaus, which have been all mentioned above.
Results
In this section, we calculate the modified M-L index to assessing 13 prefecture-level cities' sustainable development efficiency in Jiangsu Province from 2009 to 2017. These results provide a reference basis for the scientific decision-making of the long-term sustainable development of cities. In the study, in order to guarantee non-negative reference targets for all desirable and undesirable metrics, we adopted a modified M-L index analysis method. Focusing on the coordinated development of urban economy, population and environment, we have analyzed and evaluated the efficiency of sustainable urban development and its influencing factors. We use energy consumption, science and education input, and labor as input; the desirable output is regional GDP; the undesirable outputs are industrial solids, sulfur dioxide, industrial wastewater and industrial dust emissions in the region.
Based on the modified DDF specified from Formula (1) to Formula (4), we calculated the M-L productivity indexes of each year and its components EC (efficiency change) and TC (technical change) from 2009 to 2017. These results reflect the economic efficiency and the annual average degree of change in its influencing factors of different cities in Jiangsu Province. If the M-L index calculated in (8) is greater than one, there is an improvement in sustainable urban development efficiency. Accordingly, a higher M-L index indicates greater development efficiency. On the contrary, an M-L index that is less than one implies development efficiency regression. The TC index or EC index greater than one indicates that technical change or efficiency improvement can help the efficiency of sustainable urban development. On the contrary, if the TC index or EC index is less than one, it means that the technology has an impact on the sustainable development efficiency of the city due to technological degradation or inefficiency.
(1) The M-L Indexes of 13 Prefecture-Level Cities in Jiangsu Province The results of the average annual M-L indexes are presented in Table 1 for the whole sample period. Figure 3 However, as shown in Table 1 The reason for this phenomenon is very likely due to that the growth of sustainable urban development efficiency is not only related to desirable outputs but is also affected by undesirable outputs. However, as shown in Table 1 [40] , we found that the undesirable outputs (industrial solids, sulfur dioxide (SO2), industrial wastewater and industrial dust emissions) of North Jiangsu in 2011 has increased significantly compared to 2010, and the North Jiangsu's M-L indexes have dropped significantly during 2010-2011. The reason for this phenomenon is very likely due to that the growth of sustainable urban development efficiency is not only related to desirable outputs but is also affected by undesirable outputs.
(2) The TC Indexes of 13 Prefecture-Level Cities in Jiangsu Province The results of the average annual TC indexes are presented in Table 2 for the whole sample period. Figure 4 demonstrates year-on-year changes of the 13 prefecture-level cities and the South (2) The TC Indexes of 13 Prefecture-Level Cities in Jiangsu Province The results of the average annual TC indexes are presented in Table 2 for the whole sample period. Figure 4 demonstrates year-on-year changes of the 13 prefecture-level cities and the South Jiangsu, Middle Jiangsu, and North Jiangsu zones concerning the TC indexes. Figure 4a shows the TC indexes of 13 prefecture-level cities, and Figure 4b shows the average annual TC indexes of the South Jiangsu, Middle Jiangsu, and North Jiangsu. Figure 4c -e compares the TC indexes of the prefecture-level cities in the South Jiangsu, Middle Jiangsu, and North Jiangsu, respectively. From Figure 3b and Figure 4b , we noted that the M-L productivity indexes and TC indexes of the South Jiangsu, Middle Jiangsu, and North Jiangsu zones shared a very similar changing trend. As shown in Figure 3c and Figure 4c , we found that the trends of the TC indexes and the M-L indexes in Nanjing and Zhenjiang are very stable, while Suzhou, Wuxi, and Changzhou have a relatively strong development trend in recent years. The TC indexes and M-L indexes of these cities are very similar. As shown in Figure 3d and Figure 4d , we noted that the changing trend of the TC indexes and the M-L indexes are consistent in Nantong, Taizhou, and Yangzhou. As shown in Figure 4e , we found that the changing trends in Xuzhou, Yancheng, and Suqian are relatively stable, while the fluctuations in Lianyungang and Huai'an are strong and consistent.
From Figure 4 and Table 2 , we noted that the South Jiangsu witnessed a steady improvement in the TC indexes, while the Middle Jiangsu is relatively stable, and the North Jiangsu is relatively volatile. According to the analysis above, the M-L productivity indexes and TC indexes shared a very similar changing trend for most cities. However, as shown in Figure 3d and Figure 4d Table 3 for the whole sample period. Figure 5 demonstrates year-on-year changes of the 13 prefecture-level cities and the South Jiangsu, Middle Jiangsu, and North Jiangsu zones concerning the EC indexes. Figure 5a shows the EC indexes of 13 prefecture-level cities, and Figure 5b shows the average annual EC indexes of the South Jiangsu, Middle Jiangsu, and North Jiangsu. Figures 3d and 4d , we noted that the changing trend of the TC indexes and the M-L indexes are consistent in Nantong, Taizhou, and Yangzhou. As shown in Figure 4e , we found that the changing trends in Xuzhou, Yancheng, and Suqian are relatively stable, while the fluctuations in Lianyungang and Huai'an are strong and consistent.
From Figure 4 and Table 2 , we noted that the South Jiangsu witnessed a steady improvement in the TC indexes, while the Middle Jiangsu is relatively stable, and the North Jiangsu is relatively volatile. According to the analysis above, the M-L productivity indexes and TC indexes shared a very similar changing trend for most cities. However, as shown in Figures 3d and 4d Table 3 for the whole sample period. Figure 5 demonstrates year-on-year changes of the 13 prefecture-level cities and the South Jiangsu, Middle Jiangsu, and North Jiangsu zones concerning the EC indexes. Figure 5a shows the EC indexes of 13 prefecture-level cities, and Figure 5b shows the average annual EC indexes of the South Jiangsu, Middle Jiangsu, and North Jiangsu. Figure 5c -e compares the EC indexes of the prefecture-level cities in the South Jiangsu, Middle Jiangsu, and North Jiangsu, respectively.
From Table 3 and Figure 5 , we noted that the average annual EC indexes remained generally fluctuating around 1 for most cities and years. As shown in Table 3 , we calculated the average annual EC indexes for the South Jiangsu, Middle Jiangsu, and North Jiangsu over the period of 2009-2017. As shown in Table 3 , we found that the South Jiangsu has fewer years and that its average annual EC indexes are less than 1, which indicates that the efficiency of the South Jiangsu performed better than that of the Middle Jiangsu and North Jiangsu.
As shown in Figure 5d , we noted that Yangzhou's EC index encountered a sharp decline during 2015-2016, and Nantong's EC index encountered a sharp decline during 2016-2017. Combining with Figures 3d and 4d , we found that the TC indexes trend of these two cities is relatively stable, while the M-L indexes and EC indexes shared a very similar changing trend during 2015-2017. This phenomenon can be explained by that the change of the EC indexes also affects the change of the M-L indexes to a certain extent. From Table 3 and Figure 5 , we noted that the average annual EC indexes remained generally fluctuating around 1 for most cities and years. As shown in Table 3 , we calculated the average annual EC indexes for the South Jiangsu, Middle Jiangsu, and North Jiangsu over the period of 2009-2017. As shown in Table 3 , we found that the South Jiangsu has fewer years and that its average annual EC Figure 3b ). As can be seen from M-L indexes results, the overall sustainable urban development performance in South Jiangsu is better. From the geographical point of view (as shown in Figure 2 ), the South Jiangsu is located in the core area of the Yangtze River Delta and close to Shanghai. In particular, Suzhou, Wuxi, and Changzhou are the closest to Shanghai. They are the main areas for Shanghai's industrial transfer, technology, and product diffusion, and are strongly influenced by Shanghai's economic radiation.
Discussion
As shown in Table 1 and Figure 3 , the M-L productivity indexes of Suzhou, Wuxi, and Changzhou perform better than that of Nanjing or Zhenjiang. At the same time, the South Jiangsu not only has the Shanghai-Nanjing railway, the expressway traverses east and west, but also the Beijing-Hangzhou Canal runs through the north and south. Based on that, its transportation cost is low, communication conditions are good, it is easy to develop high-end industries and attract investment. Therefore, the overall sustainable development efficiency of cities in southern Jiangsu performed better.
The North Jiangsu is located in a relatively backward area at the junction of the four provinces of Jiangsu, Shandong, Henan, and Anhui. It is relatively far from the economically developed areas of China, and the radiation effect of receiving economic centers is relatively weak. Although the transportation conditions in the North Jiangsu have also been greatly improved in recent years, the industry and technology are constantly being upgraded, but the overall economic benefits are still slightly lower than those in developed regions.
(2) The Environmental Factors Play an Important Role in Sustainable Urban Development.
As we have previously pointed out, due to the performance of the M-L index of Suzhou in 2009-2010 and North Jiangsu in 2010-2011, the growth of sustainable urban development efficiency is not only related to desirable outputs but also affected by undesirable outputs. As the scale of the economy continues to expand, the demand for resources and energy in cities is also rising [62] . It can be seen that under the existing environmental protection policies and technologies, urban social and economic development is increasingly constrained by the environment [63, 64] . If the city does not find a reasonable solution, it will further improve the energy efficiency of the city. With the increase of undesirable output, it will restrict the sustainable development of cities. Therefore, it is of vital importance to consider environmental concerns when assessing the sustainable development efficiency of the city. Most cities of the South Jiangsu witnessed a steady improvement. For the five cities in the South Jiangsu, their geographical economic advantages are obvious; talent attraction and industrial layout have entered a mature stage, and economic development has stabilized. As shown in Figures 3 and 4 , the performance of the M-L indexes and the TC indexes in the cities of the South Jiangsu have not been always well. This phenomenon can be explained by that the marginal effects of technological factors on urban economies are declining, in which small-scale inputs can only produce fewer desirable outputs. However, the TC indexes of Suzhou, Wuxi, and Changzhou have a strong upward trend in recent years (as shown in Figure 4c ). Faced with the pressure of economic transformation, cities in the South Jiangsu are striving to find breakthroughs. In recent years, Suzhou, Wuxi, and Changzhou have continuously combined technology breakthroughs, such as the Internet and Artificial Intelligence, to try to take a new step in high-end manufacturing and urban management efficiency. Therefore, the development trend of the M-L indexes and the TC indexes in recent years is strong. The urban industrial structure of the South Jiangsu has not yet been perfected, technological innovation has expanded from point to point, and the impact of technological changes on the urban economy has gradually increased.
The development trend of the TC indexes and the M-L indexes in Middle Jiangsu are relatively stable. The TC indexes of Middle Jiangsu are mostly less than one, which indicates that the technology of Middle Jiangsu needs to be further improved (as shown in Figure 3d ). Therefore, the Middle Jiangsu should continue to strengthen resources and talent investment, enhance the marginal effect of technological innovation in advantageous industries, help technological innovation and enterprise development in disadvantaged industries, and adjust the industrial layout in a two-pronged manner in order to form an all-round high-density industrial structure.
The Figures 3e and 4e , we found that the changing trends of the TC indexes and the M-L indexes in North Jiangsu are slightly different. This phenomenon can be explained by that the cities in the North Jiangsu, where the economic development is relatively backward, the internal industrial structure is still not perfect, and the influence of technological factors on the urban economy has not fully manifested. Therefore, the North Jiangsu should use existing resources, technology, and talents to further develop advantageous industries, and actively carry out inter-city cooperation, build a supporting industrial chain, and achieve technological innovation to drive economic development.
(4) The EC Indexes Remained Generally Fluctuating around One for Most Cities and Years. According to the calculation results of the EC indexes, the EC indexes of each city in the South, Middle and North of Jiangsu fluctuate around 1 (as shown in Table 3 ). Combined with the above analysis, we can find that technical efficiency and technological change have a common impact on the sustainable development of the regional economy. However, technological change is the main driving force. As we have previously pointed out, the sustainable urban development efficiency growth measured by the M-L productivity indexes was mainly contributed by technical change.
As shown in Table 3 , the efficiency improvement in the South Jiangsu is still better than that in the Middle Jiangsu and North Jiangsu. The reason for this phenomenon is very likely due to spatial layout, and that the distribution of cities in the South Jiangsu is more concentrated, which is conducive to the exchange and diffusion of information and technology between cities and cities, and forms a certain scale agglomeration effect, thereby improving the efficiency of resources. In addition, the cities of the South Jiangsu attract talents far more than the cities of the Middle and North of Jiangsu. The increase in population density is conducive to the social division of labor, which is conducive to attracting investment and conducive to the development of the service industry. This has further promoted the rapid development of the South Jiangsu and formed a virtuous cycle of the economy. Combined with the above analysis, we found that there is a certain gap in the efficiency of sustainable economic development in Jiangsu Province.
From the perspective of a sustainable development, this paper uses the modified M-L indexes to assess the economic development of the city, while taking into account the negative impact of outputs on the environment. Under this assessment model, cities must consider not only the growth of GDP but also the environmental performance of productivity. To achieve a balanced regional economic development in Jiangsu Province, the government should formulate targeted differentiation policies based on the characteristics and the influencing factors of different cities when considering sustainable urban development.
(1) As the most economically developed region in Jiangsu Province, the South Jiangsu has changed its own mode of economic growth in recent years, and has improved the efficiency of economic transformation with science and technology. All cities in the South Jiangsu should constantly seek breakthroughs from the outside, introduce cutting-edge technology and high-end projects, enhance their independent innovation capabilities, accelerate the construction of an international talent team, and accumulate technology to discover the next economic breakthrough.
(2) Located in the central part of Jiangsu Province, the Middle Jiangsu fully accepted the radiation of Shanghai and the South Jiangsu, attracting more pillar industries to settle in the Middle Jiangsu. Cities in the Middle Jiangsu should accelerate the pace of technological change, self-improve the industrial structure, gradually improve the industrial clusters, adapt to the new economic environment, and promote the development of regional innovation consciousness.
(3) As a region with a relatively slow economic development in Jiangsu, cities in the North Jiangsu should pay attention to protecting the ecological environment while improving urban economic development. The cities in the North Jiangsu use their own labor advantages to actively undertake the industrial transfer in the South Jiangsu, vigorously promote new industrialization, and improve the efficiency of traditional industries with advanced information technology. In recent years, cities in the North Jiangsu have also increased their financial investment in science and education, encouraging private capital to invest in education, taking science and education to prosper the cities, and strengthening the cities. On the basis of making full use of existing resources, the government of the North Jiangsu should actively promote the coordinated development of urban and rural areas, enhance the development momentum of the urban economy, and strengthen the concentration and driving functions of the central cities to further improve urbanization. According to the existing situation, North Jiangsu should actively seek a green growth model to optimize the economic structure and promote sustainable economic development with environmental protection to be considered.
Conclusions
This paper aims at the evaluation of sustainable urban development under environmental constraints. Taking 13 prefecture-level cities in Jiangsu Province as an example, a modified M-L indexes analysis method based on the new directional distance function (DDF) is used to guarantee non-negative reference targets for all desirable and undesirable metrics. Therefore, around the balanced development of urban economy, population, environment and resources, the efficiency of sustainable urban development and its influencing factors are analyzed, to provide a scientific decision basis for long-term sustainable urban development. In the article, we use energy consumption, science, and education input, labor as input; the desirable output is regional GDP; the undesirable outputs are industrial solids, sulfur dioxide, industrial wastewater, and industrial dust emissions in the region.
By calculating the ML value and its decomposition terms (TC value and EC value) of 13 prefecture-level cities in Jiangsu Province, we analyzed the sustainable development efficiency and potential of the South Jiangsu, Middle Jiangsu, and North Jiangsu. The results show that the growth of sustainable urban development efficiency is not only related to desirable outputs but also affected by undesirable outputs. The M-L productivity index and TC index shared a very similar changing trend, whereas EC index remained generally fluctuating around 1 for most cities and years. These results indicate that technical efficiency and technological change have a common impact on the sustainable development of the regional economy, while technological change is the main driving force. Additionally, there is a certain gap in the efficiency of sustainable economic development in Jiangsu Province. Accordingly, we gave some suggestions based on the different characteristics and influencing factors of the city to further improve sustainable urban development efficiency, with the increase in desirable output and environmental protection to be considered. 
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